1. Despite being globally widespread in coastal regions, the impacts of light pollution on intertidal ecosystems has received little attention. Intertidal species exhibit many night-timedependent ecological strategies, including feeding, reproduction, orientation and predator avoidance, which are likely negatively affected by shifting light regimes, as has been observed in terrestrial and aquatic taxa. 2. Coastal lighting may shape intertidal communities through its influence on the nocturnal foraging activity of dogwhelks (Nucella lapillus), a widespread predatory mollusc that structures biodiversity in temperate rocky shores. In the laboratory, we investigated whether the basal and foraging activity of this predator was affected by exposure to night-time lighting both in the presence and absence of olfactory predator cues (Carcinus maenas, common shore crab). 3. Assessments of dogwhelks' behavioural responses to night-time white LED lighting were performed on individuals that had been acclimated to night-time white LED lighting conditions for 16 days and individuals that had not previously been exposed to artificial light at night. 4. Dogwhelks acclimated to night-time lighting exhibited natural refuge-seeking behaviour less often compared to control animals, but were more likely to respond to and handle prey irrespective of whether olfactory predator cues were present. These responses suggest nighttime lighting likely increased the energetic demand of dogwhelks through stress, encouraging foraging whenever food was available, regardless of potential danger. Contrastingly, whelks not acclimated under night-time lighting were more likely to respond to the presence of prey under artificial light at night when olfactory predator cues were present, indicating an opportunistic shift towards the use of visual instead of olfactory cues in risk evaluation.
Introduction
Artificial light at night is pervasive across the globe with sky brightness resulting from light pollution continuing to spread at an estimated rate of 6% per year (Holker et al. 2010) . From buildings, vehicles and streetlights, to oil rigs, ships and underwater vessels, artificial illumination is found even in remote locations away from urban centres (Davies et al. 2014; Falchi et al. 2016 ). Yet the environmental threat associated with human-induced changes to natural light regimes has been poorly understood until recently, despite their importance for guiding biological processes in a variety of taxa (Gaston et al. 2013) .
Natural light regimes determine when individuals are most active (Bradshaw & Holzapfel 2010) , are used for orientation and navigation (Pardi & Papi 1953) , and enable effective intraspecific communication (Haddock, Moline & Case 2009; M€ athger et al. 2009; Siebeck et al. 2010) . The natural rhythm of celestial bodies guides synchronised reproductive events (Lessios 1991; Bentley, Olive & Last 1999; Gorbunov & Falkowski 2002) , and migratory behaviour (Berge et al. 2009; Cohen & Forward 2009; Last et al. 2016) across otherwise disparate populations. The intensity and spectra of light also influence predator detection and avoidance (Troscianko et al. 2009) , and influence species distributions through habitat selection (Thorson 1964; Mundy & Babcock 1998; Kiyofuji & Saitoh 2004) . In the past decade, a dramatic increase in the number of light-sensitive taxa and biological processes impacted by night-time lighting has been revealed. The variety of known impacts include those on movement and behaviour (Bird, Branch & Miller 2004; Rotics, Davan & Kronfeld-Schor 2011; Becker et al. 2013) , disorientation (Tuxbury & Salmon 2005; Merkel 2010 ), sexual maturation (Oppedal, Dempster & Stien 2011; Dominoni, Quetting & Partecke 2013 ) and predator-prey dynamics (Rydell 1992; Yurk & Trites 2000; Dwyer et al. 2013 ). Yet, while our understanding of the ecological implications of light pollution has grown, there has been little research into its potential impacts on the many taxa that utilise natural light regimes in marine ecosystems (Thorson 1964; Naylor 2010) . Previous studies have highlighted detrimental effects on the movement, habitat selection and foraging patterns of marine vertebrates, including fish (Oppedal, Dempster & Stien 2011; Becker et al. 2013) , wading birds (Santos et al. 2010; Dwyer et al. 2013 ) and sea turtles (Witherington & Bjorndal 1991; Kamrowski et al. 2012; Mazor et al. 2013) . Light pollution is, however, likely altering the structure and functioning of marine ecosystems in many other ways that have yet to be explored (Davies et al. 2014) . Approximately 22% of coastlines (Davies et al. 2014) and 35% (20% across their entire area) of marine-protected areas (Davies et al. 2016) around the world experience artificial light at night, suggesting that many intertidal ecosystems are exposed. The potential impacts of altering natural day-night cycles that inform the behaviour of many intertidal species nonetheless remains unexplored.
The distribution and foraging of predatory species is commonly influenced by artificial light at night in terrestrial ecosystems (Stone, Jones & Harris 2009; Davies, Bennie & Gaston 2012 ). On temperate rocky shores, the dogwhelk Nucella lapillus (Linnaeus 1758) exerts strong top-down controls on biodiversity by preying on limpets, barnacles and mussels, releasing canopy-forming algae from space competition and indirectly facilitating the establishment of canopy-affiliated taxa as a result (Crothers 1985; Hughes & Burrows 1993) . Dogwhelks are widely distributed across the North Atlantic, often in close proximity to urban centres (Crothers 1985) , indicating that many populations are likely exposed to artificial light at night year-round . Dogwhelks have well-developed lens eyes (Richter et al. 2010) which -alongside olfactory cues (Morgan 1972 ) -are used to navigate their environment and detect predators and prey. As dogwhelks are typically most active from dusk onwards (Crothers 1985) , chronic exposure to artificial night-time lighting is expected to have significant impacts on their predatory activity and predator avoidance. Furthermore, dogwhelks have proven a useful model species for investigating the impacts of other global anthropogenic stressors, such as ocean acidification and warming, on animal behaviour, interspecific interactions and species distributions (Queir os et al. 2015) .
The objective of this study was to determine whether night-time lighting influenced the nocturnal activity, foraging behaviour and risk aversion of N. lapillus. Specifically, we asked (i) whether chronic exposure to night-time lighting influenced the nocturnal activity and foraging behaviour of dogwhelks; (ii) whether exposing previously artificial light na€ ıve dogwhelks to night-time lighting influenced their nocturnal activity and foraging behaviour; and (iii) whether the responses of dogwhelks observed in (i) and (ii) were dependent on risk of predation as perceived via olfactory cues.
Materials and methods

overview
Two consecutive laboratory experiments were undertaken to investigate the impact of artificial light at night on the activity and foraging of dogwhelks. The first assessed the behaviour of individuals previously exposed to artificial night-time lighting for 16 days (hereafter referred to as acclimated, in that they were acclimated to an artificial light regime followed by assessments under artificial light at night). The second assessed individuals that had not previously been exposed to artificial light at night (hereafter referred to as non-acclimated, in that they were acclimated to a natural light regime followed by assessment under artificial night light). In both experiments, the treatment individuals were compared to control individuals that had been acclimated to a simulated natural day-night cycle of light followed by assessment without artificial light at night. Using non-acclimated individuals and those allowed short-term acclimation under artificial night-time lighting granted a first insight into the plasticity of dogwhelk behaviour in response to this stressor. Each behavioural trial was undertaken both in the presence and absence of predation risk in the form of olfactory cues from Carcinus maenas (Leach 1814) in order to quantify whether measured responses to night-time lighting were modulated by risk perception. Carcinus maenas is a cathemeral predator of dogwhelks on rocky shores that is most active during nocturnal high tides (Crothers 1985; Trussell, Ewanchuk & Bertness 2003; Naylor 2010) . The experimental set up in this study closely followed that in Queir os et al. (2015) , which effectively identified the impacts of well-established global stressors such as ocean acidification and warming on dogwhelk predation.
experimental setup
Adult dogwhelks were carefully hand-picked at low tide from Mount Batten, Plymouth Sound, United Kingdom (N 50°21 0 30Á29″, E À4°70 0 50Á07″) between April and June 2015 and then immediately transported to Plymouth Marine Laboratory's intertidal mesocosm system (Findlay et al. 2008) . In summary, the laboratory is a controlled environment room where seawater temperature and tidal conditions are maintained to follow the natural variability of Plymouth Sound (Queir os et al. 2015, Supporting Information) . In the lab, all animals were randomly allocated between two 1-m 3 indoor mesocosm tanks which were supplied with re-circulating 1-lm filtered and aerated locally sourced seawater. All individuals were allowed to acclimate to mesocosm conditions for 16 days, during which they were allowed to feed ad libitum on blue mussels, Mytillus edulis (Linnaeus 1758), made available for 65 h between Friday and Monday every week. The experimental setup for the mesocosms is illustrated in Fig. S1a , Supporting Information. In both mesocosms, A TMC GroBeam 1500 Ultima Natural Daylight LED tile light (illuminance 4430 lux at 400 mm in air) was used to simulate natural daylight conditions, with a day-night cycle adjusted weekly to simulate changes in the timing of sunrise and sunset at their source habitat (Table S1 ). Dogwhelks in the naturally lit mesocosm tank (mesocosm 1, Fig. S1 ) remained in darkness (0 lux) throughout the night-time period, as this best approximated natural nocturnal lighting conditions in rocky shores and other habitats unexposed to light pollution (Gaston et al. 2013) . Those in the mesocosm with artificial light at night (mesocosm 2, Fig. S1 ) were illuminated with an LED aquarium light (Interpet LED Bright White Light Single Row 36 cm) to simulate artificially lit conditions of 22Á3 AE 3Á2 SE lux across the water's surface, comparable to upper light levels measured at the surface of waters adjacent to illuminated structures in the built marine environment (piers, port and harbour walls, offshore infrastructure installations) (GHD 2012; Davies et al. 2015) . Light trespass between treatments and the surrounding laboratory environment was avoided by covering each mesocosm tank with 0Á12-mm-thick rubberised blackout fabric. All other environmental conditions (temperature, tidal regime, aeration, timing and quantity of food supply) were consistent across mesocosm tanks. Water temperature and salinity were monitored daily and maintained at 12Á4 AE 0Á4°C and 33Á1 AE 0Á2 ppt, respectively, in both tanks. While LED lights do emit heat, it is relatively little and thus had no impact on the temperature within the mesocosms.
behavioural trials
After 16 days of acclimation to the mesocosm conditions, 12 dogwhelks were randomly selected from the mesocosm tanks and divided between four 12 9 12 9 40 cm glass assessment tanks (three individuals per tank), within which a range of behavioural trials were performed after sunset. Two assessment tanks per light treatment were individually placed at one end of two light secure imaging boxes (n assessment tanks total = 4) within which the light regime was manipulated to reflect each of the two mesocosm conditions. Digital SLR cameras (Canon EOS 500 D, 15 MP) were placed at the opposing end of both imaging boxes. One box (imaging box 1, Fig. S1b ) contained red LED lights (max. 10 lux) to provide as close to natural darkness as was feasible, while providing sufficient light to adequately capture the animals' behaviour via the cameras. Aquatic gastropods typically possess a single visual pigment with a peak spectral sensitivity between 470-505 nm (Hughes 1970; Gillary 1974; Zhukov et al. 2006) , thus the red LEDs provided sufficient light to capture images while minimising the amount of light at wavelengths that dogwhelks were able to detect and respond to. The other box (imaging box 2, Fig. S1b) was internally illuminated by an Interpet Bright White LED light (21Á16 AE 3Á05 lux) to simulate the artificially lit night-time conditions. The two tanks within each box were individually supplied via a peristaltic pump system (WatsonMarlow, flow 20 mL min
À1
) with re-circulating filtered seawater (as before). Olfactory cues from C. maenas were introduced to the predator treatment by circulating seawater through an adjacent tank (outside of the imaging box and not visible to the dogwhelks) containing shore crabs (C. maenas). This allowed us to assess the impact of night lighting on dogwhelk behaviour both in the presence and absence of a perceived predation risk simultaneously. Crabs were also collected on a weekly basis, from the same collection site.
Dogwhelks were gently lowered into the assessment tanks (n total = 12, n per imaging box = 6, n per assessment tank = 3), the enclosures sealed and time-lapse photography initiated immediately. In summary, 6 h assessments were divided into two sections of 3 h each: the first section was used to assess individual basal activity; the second section was used to assess response to a prey mimic. Images were recorded every 5 min (n images per trial = 288; n images per tank = 72; n images per section = 36) using remote control of the digital SLR cameras within each imaging box via a PC and the time-lapse software EOS GB Timelapse 3 Pro. In total, five response variables were assessed. The basal activity of individuals was measured via assessment of the expected behaviour exhibited by dogwhelks in these conditions, which is to travel from the bottom of the assessment tanks to the waterline (as per Vadas, Burrows & Hughes 1994; Queir os et al. 2015) . The speed at which they did so was also measured as this behaviour is tightly linked to individual basal metabolic rate (Queir os et al. 2015) . Individual response to prey was measured as: whether or not dogwhelks moved towards an introduced prey mimic; whether or not they handled the prey mimic; the distance travelled before handling the prey; or, if they did not make contact, the total distance travelled during the 3-h assessment. The prey mimic consisted of 10 g of fresh, crushed blue mussels (Mytillus edulis, Linnaeus 1758) within a sealed mesh bag, which was gently lowered to the bottom of the assessment tanks near the diffusing air stone to allow adequate distribution of the prey odour cue (sensu Queir os et al. 2015). Blue mussels are one of the key prey items for dogwhelks in natural systems. The dogwhelks were starved throughout the behavioural trials to maximise the response to prey. We did not assess potential within-gender differences between treatments or during the assessments.
acclimated experiment
To assess the responses of dogwhelks acclimated to the artificial light regime in mesocosm 2, 12 individuals were randomly selected from both mesocosms (n mesocosm 1 = 6; n mesocosm 2 = 6) and divided between the assessment tanks within the imaging boxes that reflected their acclimation conditions. The procedure for this experiment is illustrated in Fig. S1 . Behavioural assessments as outlined above were repeated two to four times per week over 4 weeks using new individuals (mussels, dogwhelks and crabs) until a total of 12 assessments per treatment were completed (n per night = 4; n per treatment = 12; n total = 48).
non-acclimated experiment
To assess non-acclimated responses to artificial light at night, a second experiment was conducted following completion of the first. Twelve individuals were randomly selected from mesocosm 1 and divided between the four assessment tanks within both imaging boxes. The procedure for this experiment is illustrated in Fig. S2 . Behavioural assessments as outlined above were repeated three to four times per week over 2 weeks using new individuals (mussels, dogwhelks and crabs) until a total of seven assessments per treatment were completed (n per night = 4; n per treatment = 7; n total = 28).
image analysis
Images were analysed using the open source image analysis software Image J (1.45S; National Institutes of Health, Bethesda, MD, USA). The trajectory of each of the three individual dogwhelks in each image set was tracked using the 'Manual tracking' plugin and custom-built scripts, considering both length of trajectory and time (used to calculate speed).
statistical analysis
In each experiment, we tested whether night-time light treatment (Light treatment) had a significant impact on the measured behavioural responses, and whether this impact was dependent on the presence or absence of predator cues (Light treatment : Predator cue interaction. The effects of Light treatment and Predator cue were tested by comparing a model containing both main effects, with models where each was dropped. The effect of the interaction between Light treatment and Predator cue was tested by comparing the full model with one containing only the first terms for Light treatment and Predator cue.
Each behavioural response was analysed using either a generalised linear model or generalised linear mixed effects model (CRAN: lme4) fitted using appropriate error distributions (Gaussian for 'basal speed' and 'foraging distance'; binomial for the remaining logistic responses), following transformation if required (log in the case of 'foraging distance').
Mixed effects models were used where the inclusion of a random effects term describing the influence of interactions between individual dogwhelks in each assessment tank, improved model parsimony (Tables S2 and S3 ). Such interactions were considered likely to have a measurable impact on the behavioural responses, since decisions regarding, for example, whether to feed in the presence of a predator, may well depend on whether or not other individuals (competitors) are moving towards or handling a prey item (Queir os et al. 2015) . To control for the influence of these competitive interactions, each individual was ranked (1-3) according to the order in which they were observed performing the measured behavioural responses, and these rankings were included as random effects in mixed effects models if they significantly improved model parsimony [decreased the value of Akaike's Information Criterion (AIC) by a value of two or more (Burnham & Anderson 2002) ; Tables S2 and S3] .
Dogwhelks were ranked in the order in which they reached the waterline following introduction to the assay tanks when analysing the response variables 'Reached waterline' and 'Speed to waterline'. Dogwhelks were ranked in the order in which they moved in response to the introduction of the prey item when analysing the response variables 'Response to prey', 'Foraging distance' and 'Prey handled'. Four alterative random effects models were compared for each measured behavioural response, one in which Rank was assumed to influence the response independently of other treatment variables (c. 1|Rank), one in which the influence of Rank was assumed to be dependent on the nighttime lighting treatment (c. Treatment|Rank), one in which the influence of Rank was assumed to be dependent on whether or not olfactory predator cues were present (c. Predator|Rank), and one in which Rank was assumed to be dependent on both the Predator and the Light treatments. In cases where including Rank as a random effect improved model fit c. 1|Rank was found to be the most parsimonious random effects model structure (see Tables S2 and S3 ). The inclusion of random effects improved model parsimony only for the responses 'whether or not dogwhelks reached the waterline', and 'whether or not dogwhelks responded to the introduction of prey' (Tables S2 and S3 ).
To avoid zero inflated models, 46 and 51 values of zero were removed from the foraging distance models as they indicated either a lack of response or that the prey landed directly on top of the dogwhelk. These zero responses are, however, implicit in the probability of response models (binary response models). Where significant interactions between light and predator treatments were detected (See Table S4 ), Tukey's pairwise comparisons were performed (without correcting for false discovery rate) in order to quantify the nature of the interaction. (CRAN: lsmeans). All analyses were conducted using the statistical software R (R Core Team, 2013).
Results
Dogwhelks acclimated to the night-time light were significantly less likely to seek refuge at the waterline of the assessment tanks than those kept under the control conditions (Table 1a Light treatment, Fig. 1a) , regardless of the presence of a predator cue (Table 1a Light treatment : Predator cue). The speed at which those dogwhelks that reached the waterline did so was, however, unaffected by the light treatments (Table 1b Light treatment). For non-acclimated dogwhelks, the light treatments did not alter the probability that they sought the waterline (Table 2a , Light treatment), nor did it influence the speed of those that did so (Table 2b , Light treatment).
In the acclimated experiment, a higher proportion of dogwhelks exposed to the night-time lighting regime responded to the introduction of the prey mimic (blue mussel tissue) compared to dogwhelks that were not exposed to artificial light at night (Table 1c Light treatment, Fig. 1b) . Of those dogwhelks that responded to the introduction of prey, a higher proportion also handled the prey in the night-time lighting treatment compared to those in the simulated natural light regime (Table 1e , Fig. 1c) .
The foraging distance covered by dogwhelks that responded to the introduction of prey was, however, not influenced by the light treatments (Table 1d Light treatment). No significant effects of light treatment on prey handling or foraging distances were detected in the non-acclimated experiment (Table 2d and e), but a significantly higher proportion did respond to the introduction of prey under artificially lit night-time conditions when predator cues were present compared to the control light treatment (Table 2c Light treatment : Predator cue, Fig. 1d , see Table S4 for pairwise comparisons).
Discussion
Rocky shore organisms including dogwhelks will be increasingly exposed to a range of anthropogenic stressors throughout the 21st century (including ocean acidification, climate change and noise pollution) that have demonstrated impacts on their distribution, behaviour and morphology (Jueterbock et al. 2013; Queir os et al. 2015; Roberts et al. 2015) . Here, we have demonstrated that artificial night-time lighting -a globally widespread, rapidly expanding and yet understudied source of anthropogenic change -has effects on the behaviour of dogwhelks that are comparable with those observed in response to ocean acidification and climate change in similar laboratory studies (Queir os et al. 2015) .
The effects reported here are in response to the upper levels of artificial light exposure encountered in the built marine environment. As such while they evidence the potential for night-time lighting to impact dogwhelk behaviour in directly illuminated marine habitats (port and harbour walls, sea defences, pier pilings, offshore infrastructure installations and urbanised shorelines) the extent to which more widespread, and lower intensity artificial sky glow influences the behaviour of this common predator in temperate intertidal ecosystems remains unclear. Given that we used a red light to illuminate the control tanks in which behavioural assays were performed (but not in the control tanks during the acclimation phase), any impact of this red light on dogwhelk behaviour would be expected to reduce the effects size difference between our white LED illuminated and control organisms. Hence, while we nonetheless detected significant effects size differences in this study, and the spectral sensitivity of intertidal gastropod eyes (470-505 nm; Hughes 1970; Gillary 1974; Zhukov et al. 2006) suggests that our red LEDs would have remained largely imperceptible to control organisms, our study may underestimate the true effect of white LED lighting on dogwhelk behaviour.
Night-time lighting affected the basal and foraging activity of dogwhelks, regardless of the presence of a predator. Dogwhelks acclimated under the artificial nighttime light regime were less likely to seek refuge at the water-air interface, yet were more likely to respond to, and handle prey (blue mussels) when it was introduced. Furthermore, we found that non-acclimated dogwhelks had higher response rates to prey under night-time lighting when predator cues were present. These results raise the prospect that both temporary and long-term coastal lighting installations could already be altering trophic interactions within rocky shore communities, a relatively understudied system with regard to light pollution. Table 1 . The impact of night-time artificial lighting on the basal activity and predatory behaviour of acclimated dogwhelks (Nucella lapillus) in the presence and absence of olfactory predator (Carcinus maenas) cues. Results are presented for either generalised linear models or generalised linear mixed effects models comparing dogwhelks exposed to simulated natural daylight regimes vs. artificially lit night-time conditions (Light treatment), fully crossed with the presence or absence of olfactory cues from C. maenas (Predator cue). The choice of whether or not to include a random effect to control for interactions between individuals, and the specification of the random effects term were selected by comparison of Akaike's Information Criterion (see Table S2 ). In cases where the inclusion of a random effect improved model parsimony, c. 1|rank was always the most parsimonious random effects specification ( Table S2 ). Results that are significant at the 95% or greater confidence level are underlined. Acclimated dogwhelks displayed a pattern of basal activity previously observed in starved whelks (Vadas, Burrows & Hughes 1994) , in that they did not reposition themselves at the waterline when introduced to the assessment tanks. This behaviour is consistent with energy preservation through metabolic depression, also previously observed in this species in response to global stressor simulations such as ocean acidification (Queir os et al. 2015) . In the present study, stress could be caused by a disruption of the dogwhelks' circadian rhythms after prolonged exposure to artificial light at night. Increased foraging activity when food was available could therefore be seen as a compensatory change in behaviour to support higher energy expenditure, as has been observed in dogwhelks with raised metabolic rates resulting from simulated ocean warming (Queir os et al. 2015) . Light pollution has already been associated with chronic stress in European blackbirds and several species of rodent, leading to irregular reproductive activity (Dominoni, Quetting & Partecke 2013) , impaired cognitive skills (Van der Meer, Van Loo & Baumans 2004) and increased rates of aggression (Fonken et al. 2012) . The behavioural changes observed in this study could carry significant consequences for individual fitness as they interfere with known predator avoidance techniques in dogwhelks and other species, which are most exposed to predators during foraging excursions, outside of their otherwise occupied refuge.
Non-acclimated dogwhelks were more likely to respond to the introduction of prey under artificial compared to natural light regimes only when predator cues were present. Given that dogwhelks could detect the presence of crabs using olfactory cues, it is likely that they established none were present in the given environment visually. This opportunistic shift towards using visual cues for detecting predation risk at night under artificial light suggests that coastal lighting could have an effect on predatory strategy that alters the balance of interspecific interactions within temperate intertidal communities. Night-time lighting would also, however, increase the visibility of dogwhelks to predators such as crabs and may have unforeseen effects on the settlement and anti-predator defences of prey species, so that the observed increases in foraging in the laboratory may not necessarily confer increased fitness in a real community setting, as noted previously with regard to other stressors (Queir os et al. 2015) . Sensory pollutants such as noise and light affect predator detection and avoidance in a range of taxa including moths (Wakefield et al. 2015) , birds (Meill ere, Brischoux & Angelier 2015) and hermit crabs (Chan et al. 2010 ), but there is currently little information on the compounding effects of simultaneous disturbances to multiple sensory modalities (Halfwerk & Slabbekoorn 2015) . The responses we observed in both acclimated and non-acclimated dogwhelks indicate that artificial light from coastal developments may similarly impair dogwhelks ability to assess predation risk.
Anthropogenic lighting is linked to changes in the foraging habits of bats (Rydell 1992) , harbour seals (Yurk & Trites 2000) and wading birds (Santos et al. 2010; Dwyer et al. 2013); changes which will likely have cascading impacts on the structure and functioning of their respective communities. Given the potential of anthropogenic lighting to affect a wide range of taxa and habitats, it is necessary to understand the long-term ecological and evolutionary impacts of these changes (Swaddle et al. 2015) . In marine systems, this is particularly true in the context of other ubiquitous environmental stressors impacting marine organisms, such as noise pollution, acidification and warming. To our knowledge, no studies have investigated how light pollution will interact with other global anthropogenic stressors that affect organism behaviour, fitness, survival and reproduction. Shifts to visual hunting under artificial light at night could potentially compensate for the limited chemosensory functioning observed in dogwhelks exposed to ocean acidification (Queir os et al. 2015) . Furthermore, our findings do not take into account the plasticity of species-level processes such as behaviour over long periods of time, as has been shown in a number of taxa, including dogwhelks (Form & Riebesell 2012; Queir os et al. 2015; Rhul et al. 2016) . More comprehensive, long-term studies incorporating light pollution alongside other anthropogenic stressors are therefore necessary to determine what individual-level trade-offs will arise for organisms exposed to an increasing diversity of global anthropogenic pressures shaping natural ecosystems, and how these may be carried across multiple generations.
There is currently a significant gap in knowledge regarding the diversity of taxa and habitats impacted by artificial night-time lighting in coastal regions. Our study demonstrates that night-time lighting has the potential to change the trophic dynamics of rocky shore ecosystems by altering predator-prey interactions within these systems. The potential for widespread impacts of artificial light at night on a plethora of coastal organisms whose physiology and behaviour are guided by natural light cues is clear. Table 2 . The impact of night-time artificial lighting on the basal activity and predatory behaviour of non-acclimated dogwhelks (Nucella lapillus) in the presence and absence of olfactory predator (Carcinus maenas) cues. Results are presented for either generalised linear models or generalised linear mixed effects models comparing dogwhelks exposed to simulated natural daylight regimes vs. artificially lit night-time conditions (Light treatment), fully crossed with the presence or absence of olfactory cues from C. maenas (Predator cue). The choice of whether or not to include a random effect to control for interactions between individuals, and the specification of the random effects term were selected by comparison of Akaike's Information Criterion (see Table S3 ). In cases where the inclusion of a random effect improved model parsimony, (c. 1|rank) was always the most parsimonious random effects specification ( Table S3 ). Results that are significant at the 95% or greater confidence level are underlined. Post hoc comparisons of significant interactions are given in Table S4 Behavioural 
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